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Uquid emulsion polymers, process for preparing them and aqueous c mpositions thickened with these 

emulsions 

Polymeric water-soluble tfiickening agents are widely known and used in many aqueous systems 
mcludmg latex paints and other aqueous coating compositions. 

The widespread use of latex paints, i.e., paints based on aqueous disper^ons of synthetic organic 
polymers, has prompted continued researdi on product and process improvements. One partlculariy 
important concern is controlling the paint rheology to obtain proper flow and leveling with a minimum 
of dnppmg and spattenng. Cellulose ethers, such as described In GlomskI et at. U.S. 3,769,247 are 
often effectively used as thickeners for latex paints. However, solid, water-soluble polymers derived 
from cellulose and other natural products are becoming increasingly expensive to produce because of 
high capital, energy, and waste control costs. 

^ ono'^o^!^ ^o*" time. Thus, Hager and Martin U.S. 

3,003,987 and 3,070 561 and Miller U.S. 3,081,198 describe copolymers of acrjiic and methacrylic 
acids and esters which may. be thickened by replacing a portion of the hydrogen ions of the copolymer 
carboxyl groups with ammonium or alkali metal Ions. Other types of polymeric thickeners are disdoed 
by Junas and LaTorre U.S. 3,652,497 and 3,708,445, Zlmmemiann U.S. 3,657,175, Chang and 
McDowell U.S. 3,891,591, and Gibson U.S. 4,003,870. All contain various carboxyllc add groups 
which can be solubillzed in water by neutralization witii a water-soluble base. For example US 
i' tiiickeners based on copolymers of 70—95% nonlonlc vinyl surfactant ester and 

oTc, /^rl?''^^'f optionally unsaturated non-addic monomers, and U.S. 

3,657,175 (=DE— OS 2 025 696) discloses tiiickeners based on metiiacrylic acid, nonionic vinyl 
surfactant ester and styrene or butadiene. However, to date this technology has had limited imoact on 
major maricets for water-soluble polymeric thickeners. k ^-t un 

More recently, Evani and Corson developed, as described In U.S. 4,008,202 and related patents, a 
solid styrene-maleic anhydnde-vinylbenzyl ether terpolymer soluble at high pH and useful as a 
tiilckener for aqueous solutions. In spite of excellent rtieology, stability problems and cost have limited 
Its use as a paint thickener. Further improvements in this technology are dearly desirable. 

This invention relates to new aqueous emulsion polymers which provide stable liquid emulsions - 
having low viscosity and relatively, high solids content under acidic conditions, but which become* very : 
efficient polymenc tiiickeners for many aqueous systems when treated with base. These new product^ = • 
are preferably prepared in the form of an aqueous colloidal dispersion of waternnsoluble polymer by : ^ 
emulsion polymerization at a pH of 2.5 to 5.0 of tiiree essential etiiylenlcally unsaturated monomeric 
components: (A) a carboxyllc add monomer, (B) a nonionic vinyl monomer and (C) a nonionic vinvl 
surfactant ester. , ' 

^ More specifically, a polymer usefol as a pH responswe tfiickener for aqueous systems has been 
developed comprising an aqueous emulsion copolymer of: 
35 A. 1 5— 60 weight percent based on total monomers of at least one C,— C« a,)3-etiiylenicallv 
unsaturated carboxylic add monomer of tiie fomiula: s r emcaiiy 



^ RCH=C— COOH (I) 

where R Is H and R' is H, C,— C^ alkyi, or — CH.COOX; 
R Is — COOX and R' is H or — CH.COOX; or 
R is CH3 and R' Is H; and 
X Is H or C,— C* alkyI; 

B. 1 5—80 weight percent based on total monomers of ethyl acrylate or mixtures thereof witii styrene, 
2-hydroxyethyl acrylate, acrylonltrile, vinyl chloride or vinyl acetate; and 

C. 1 --30 weight percent based on total monomers of at least onia nonionic vinyl surfactant ester of the 
formula: 

R' 0 R 

I II I 

R^CHCHjCHO^fCjHpi^— C-C=^H, (||) 

where R is H or CH,, eadi R' is C,— C. alkyI, 
55 is C— Cjo alkyI or Cg— „ alkylphenyl, 

n is an average nurnber from 6—100 and m Is an average number from 0—50 provided that 
n S m and Z|n + m) is 6 — 100: 
said polymer teing stabi as an aqueous collddal dispersion at a pH lower tiian about 5.0 but 
becornlng an effective thickener for aqueous systems upon adjustment t a pH of 5.5—1 0,5 or higher 
^ if polymerization is normally carried out under acidic conditions in which the 

carboxyllc acid groups are in protonated form to insolubilize the polymer and give a liquid emulsion 
When the polymeric tiiickener is added as such a liquid colloidal dispersion, tiie finely divided polymer 
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particles dissolve almost instantly upon pH adjustment The ase of handling, m t ring, and dispersing 
the liquid emulsion polymer, the rapid solubilizatipn by controlled pH adjustment, and the highly 
desirable rheological properties make this liquid emulsion polymer a most effective and efficient 
thickening agent for a wide variety of applications Including latex paints and other aqueous coating 
5 compositions. 

1. Essential Monomeric Components 

The novel liquid emulsion polymers of this invention require three essential components: (A) 
15 — 60 weight percent of a C3 — Cg a,^-ethylenelcally unsaturated carboxylic acid monomer, (B) 

70 1 5 — 80 weight percent of a copolymenzable nonionic vinyl monomer, and (C) 1 — ^30 weight percent of 
certain nonionic vinyl surfactant esters. It has been discovered that the effecth^eness of these liquid 
emulsion polymers as a pH responsive thickener for many aqueous products is critically dependent on 
these components. The acid a)mponent A provides the requisite pH responsiveness; the nonionic vinyl 
comonomer B provides an extended polymer backbone and added hydrophllic-lipophilic balance; and 

ts the nonionic vinyl surfactant ester C provides an in situ, bound surfactant to control the rheology of the 
aqueous system containing the solubilized polymeric thickener. Within the stated limits, the proportions 
of the individual monomers can be varied to achieve optimum properties for spedfic applications. 

A, Carboxylic Add Monomer 
20 The liquid emulsion polymer requires 1 5 — 60 weight percent based on total monomers of a 
C3 — Cg a,jSH9thylenically unsaturated carboxylic acid monomer of the formula: 



25 RCH=C— COOH (I) 

. where R is H and R' Is H, C,— C^ alkyi, or — CH^COOX; 
i R is — COOX and R' is H or — CH^COOX; or 

R is CH3 and R' is H; and X is H or C,— C^ alkyl. 
30 Acrylic or meth acrylic acid or a mixture thereof with itaconic or fumaric acid are prefen^, but 
crotonic and aconitic acid and half esters of these and other polycarboxyllc acids such as maleic acid- 
with alkanols are also suitable, particulariy if used in minor amount In combination with acrylic, 

or methacrylic acid. For most purposes. It is preferable to have at least about 25 weight percent and 
most preferably from about 35—55 weight percent of the carboxylic acid monomer. However, 
3$ polycarboxyllc acid monomers and half esters can be substituted for a portion of the acrylic or 
methacrylic add, e.g., 1—15 weight percent based on total monomers. 

B. Nonionic Vinyl Monomer 

To provide the extended polymer backbone and body needed for effective thickening requires 
40 1 5 — 80 weight percent based on total monomers of ethyl acrylate or a mixture thereof with styrene, 2- 
hydroxyethyl acrylate, acrylonitrile, vinyl chloride or vinyl acetate. 

These monomers, of course, must be copolymerizable with tfie carboxylic acid and vinyl 
surfactant ester comonomers. Preferably 20 — 60 weight percent of monomer B, based on total weight 
of monomers, is used in preparing the liquid emulsion polymer. 

45 

C. Nonionic Vinyl Surfactant Ester 

The third required monomer component is 1 — 30 weight percent based on total monomers of a 
nonionic vinyl surfactant ester of the formula: 

50 R' OR 

I IM 

R'W-CHaCHOJCjH^CHHC— C=C>^2 (H) 

where R is H or CH3; each R' is C, — C2 alkyl; 
SB R" Is Cg— C20 alkyl or Cg — C,g alkylphenyl; 

n is an average number from 6 — 100 and m Is an average number from 0 — 50 provided that 
n > m and Z{n + m) is 6 — 1O0. 
Preferred are the acrylate and methacrylate surfactant esters selected from the group consisting of: 
1) alkylphenoxypoly(ethyleneoxy)ethyl acrylates of the formula: 

0 R 
II I 

0-eC2H^O)^-G-C-CH2 {|||) 
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es where R is H or CH,; Y' is Cg— C,e alkyl, and n is 6 — 100; 
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2) alkoxypolyfethyleneoxYlethyi acrylates of the formula: 



5 R^CHC^H^O^— C— C^CHj 

where R is H or CH3, R'' is C^—C^o alkyl. and n Is 6—50; 
and 

3) a[Icoxypoly(alkyleneoxy)ethyl acrylates of the formula: 

w 

R' 0 
R"04CH,CH0)„(C2H,0)„— CjH.oJ- 

is where R Is H or CH3, eadi R' Is C, — Cj alkyi, 
R" is Cg — alkyl. and 
n is 6 — 50 and m is 1—40. 
These essential vlnyJ surfactant esters are the acrylic or methacryllc acid esters of certain non- 
ionic surfactant alcohols. Such surfactant esters are known in the art For example, Junes et al. U.S. 

20 3,652,497 describe the use of alkylphenoxyethyleneoxyethyl acrylates in preparing several other 
polymeric surfactant thickeners. Dickstein U.S. 4,075,411 descn*bes several processes for preparing 
such vinyl surfactant esters including the acid catalyzed condensation of commercially available 
nonionic polyoxyalkylene surfactant alcohols such as alkylphenoxypoty(ethyleneoxy) ethyl alcohol and 
blockiDolymeric glycols with acrylic, methacrylic, crotonic, maleic fumaric, itaconic or aoonitic acid. 

2S Alternate esterification methods including alcoholysis and transestertfication are also described. Other 
, suitable vinyl surfactant esters can be prepared from monoethers of mixed or heteric ethyieneoxy- 
; propyieneoxy-butyleneoxy polygiycols such as described in Patton U.S. 2,786,080, Additional 
surfactant alcohols which can be esterified for use herein are given in "McCutcheon's Detergents and 
Emulsifiers" 1973, North American Edition, Allured Publishing Corp., Ridgewood, N. J. 07450. 

30 Certain of these vinyl surfactant esters, i.e., those defined by Formula II and particulariy the. 
alkylphenoxy and alkoxyethyl esters of Formulas III — are useful in preparing the novel emulsion 
polymers described herein. It Is essential that the surfactant be incorporated in the liquid emuldon 
product by copolymerization. Advantageously the requisite surfactant esters are prepared by the direct 
acid catalyzed esterification of the appropriate surfactant alcohol with an excess of the cariDoxylic acid 

35 monomer used as Component A. The resulting mixture with excess acid can be used directly in the 
copolymerization provided that at least 30 percent and preferably 50—70 percent or more, of the 
surfactant alcohol in the mixture is esterified. The vinyl surfactant ester can also be recovered, purified 
by conventional means using an appropriate inhibitor such as hydroquinone or p-tert-butylcatechol to 
prevent undesired homopolymerization, and then used to prepare the liquid emulsion polymers. 

40 It has been found that the hydrophilicliphillc bafance (HLB) of the vinyl surfactant ester is an 
important factor in the performance of the resulting emulsion polymer. Thus for a given 
polyethyleneoxy content increasing the chain length of the terminal hydrophobic alkoxy or 
alkylphenoxy group will increase the efficiency of the resulting polymer as a thickener. Also for a given 
liphphilic group decreasing the number of polyethyleneoxy groups increases thickener efficiency. For 

4S many surfactant esters usable herein an average of 10—40 ethyleneoxy groups (e.g.. Formula II, 
n = 10—40) is preferred. 

Also it has been found that the hydrophilic balance of the copolymer product can be adjusted to a 
degree by the judicious selection of the nonionic vinyl monomer B; e.g., a soft (lower 
8lkyl)poly(ethyleneoxy)ethyl ester of Formula V can be used in a system with mbrture of ethyl acrylate 

so and a hard comonomer such as styrene. However, it is critical to the performance of these products that 
they contain an effective amount of an in situ, bound surfactant to control the rheology of the aqueous 
system thickened with the solubilized emulsion polymer. 

2. Copolymerization 

ss The novel liquid emulsion copolymers are conveniently prepared from the above-described 
monomers by conventional emulsion polymerization at an acid pH lower than about 5.0 using free- 
radical producing initiators, usually in an amount from 0.01 percent to 3 percent based on the weight of 
the monomers. The free-redical prcxJucing Initiators convenientiy are peroxygen compounds especially 
inorganic persuHate compounds such as ammonium persulfate, potassium persulfate, sodium 

so persulfate; peroxides such as hydrogen peroxide; organic hydroperoxides, for example, cumene 
hydroperoxid , t-butyl hydroperoxide; organic peroxides, for example, benzoyl peroxld , acetyl peroxide, 
lauroyi peroxide, peracetic add, and perbenzolc acid (sometimes activated by a water-soluble reducing 
agent such as ferrous compound or sodium bisulfite); as well as other free-redical producing materials 
such as 2^'-azobisisobutyronltrile. 

65 Optionally, a chain transfer agent and an additional emuislfier can be used. Representative chain 
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transfer agents are carbon tetrachloride, bromoform, bromotrfchloromethane. long chain alkyi 
mercaptans and thioesters such as n-dodecyl mercaptan, t-dodecyl rnercaptan, octyl mercaptan, 
tetradecyl mercaptan, hexadexyl mercaptan, butyl thioglycolate, isoctyl thloglycolate, and dodecyl 
thtoglycolate. The chain transfer agents are used in amounts up to about 10 parts per 100 parts of 
5 potymerizable monomers. 

Often at least one anionic emulstfier is Included in the polymerization charge and one or more of 
the known nonionic emulsifiers may also be present Examples of anionic emul^fiers are the alkali 
metal alkyf aryl sulfonates, the alkali metal alkyi sulfates and the sulfonated alkyI esters. Specific 
examples of these well-known emulsifiers are sodium dodecylbenzenesulfonate, sodium disecondary- 
10 butylnapyhthalene sulfonate, sodium lauryl sulfate, disodlum dodecyldiphenyl ether disulfonate, 
disodium n-octadecylsulfosucdnamate and sodium dioctylsuffosucclnate. 

Optionally, other ingredients well known in the emulsion polymerization art may be included such 
as chelating agents, buffering agents, inorganic salts and pH adjusting agents. 

Polymerization at an acid pH lower than 5.0 permits direct preparation of an aqueous colloidal 
75 dispersion with relatively high solids content without problems of undue viscosity. 

Usually the copolymerization is cam'ed out at a temperature between 60°C and 90^C but higher 
or lower temperature may be used. The polymerization is earned out batchwise, stepwise or 
continuously with batch and/or continuous addition of the monomers in a conventional manner. 
The essential monomers can be copolymerized in such proportions, and the resulting emulsion 
20 polymers can be physically blended, to give products with the desired balance of properties for specific 
applications. For example, if a more viscous product is desired, the acid and surfactant monomer 
content can be Increased. Greater flexibility and coatexcence can be obtained with higher amounts of 
ethyl aciylate. Addition of styrene as a second nonionic vinyl monomer will Increase to a higher pH the 
adjustment required to dissolve the emulsion in an aqueous coating composition. Minor quantities of a 
25 polyfunctionai monomer, such as itaconic or fumaric acid or isoprene to introduce a higher carboxylic 
add content or limited crossllnking, provides further control on the solubility of the emulsion polymer 
after pH adjustment Thus, by varying the monomers and their proportions, emulsion polymers having 
; optimum properties for particular applications can be designed. 

According to the invention copolymerization is carried out with 1 5 — 60 weight percent based on 
30 total monomers (more desirably from 25 — 60 weight percent, preferably 35 — 55 percent, and most , 
preferably 40 — 50 percent) of the carboxylic acid monomer A, 15 — 80 weight percent (preferably 
20 — 60 percent, and most preferably 35 — 50 percent), of the nonionic vinyl monomer B and 1 — ^30 
weight percent (preferably 2 — ^20 percent, and most preferably 2 — 12 percent) of the nonionic vinyl 
surfactant ester C. 
^5 A preferred emulsion polymer consists essentially of: 

A. 35 — ^55 weight percent of methacrylic acid, acrylic acid or mixtures thereof with fumaric or itaconic 
acid; 

B. 35 — 50 weight percent of ethyl acrylate or mixtures thereof with styrene, 2-hydroxyetfiyl acrylate, 
acr/lonitrile, vinyl chloride or wnyl acetate; and 

40 C. 2 — ^20 weight percent of a >nnyl surfactant ester of Formula II, and more preferred essentially of: 

A. 40 — 50 weight percent of methacrylic acid; 

B. 35 — 50 weight percent of ethyl acrylate; and 

C. 2 — 12 weight percent of the methacrylic ester of a nonylphenoxypoIy(ethyleneoxy)„ethanol where n 
is 6^K). 

3. Copolymer Properties* 

The copolymer products prepared by emulsion polymerization at an acid pH are in the form of 
stable aqueous colloidal dispersions usually with a typical milky latex appearance. Such a liquid 
emulsion contains the copolymer dispersed as discrete particles having average particle diameters of 

so 0,05 — 03 mm, preferably 0,1 — 0,175 mm, as measured by light refraction. Dispersions containing 
polymer particules smaller than 0,05 mm are difficult to stabilize while particles larger than 0,3 mm 
reduce the ease of dispersion in the aqueous products to be thickened. 

These emulsion copolymers will normally have number average molecular weight of at least 
30,000 as determined by gel permeation chromatography. To provide most effective thickening with 

ss copolymers which are water-soluble when neutralized, molecular weights within the range of 200,000 
to 5,000,000 are preferred. In terms of a standard Brookfield vlsco^ty measured as a 1 percent 
aqueous solution In ammonium salt form at pH 9 and 25°C, a copolymer with a viscosity of 
1 00.050 — 50 Pa.s, and preferably 0.1 00 — 30 Pa.s, is particulariy desirable for many applications. For 
example, a preferred polymer contains 40—45 weight percent olF methacrylic acid and 2 — 10 weight 

60 percent of itaconic add and having an average partide size of 500 — 3000 A (0,05 — 0,3 mm) and a 
Brookfield viscosity of 0.050 — 50 Pa^ as a 1 percent aqueous solution in ammonium salt from at pH 
9.0 and 25<*C. 

In the form of a stable, aqueous colloidal dispersion at an acid pH of 2.5 — 5.0 the copolymer is 
particulariy useful. Such aqueous diversion may contain 10 — 50 weight percent of polymer solids yet 
6S be of relatively tow viscosity. Thus it is readily metered and blended with aqueous product systems. 
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However, the diversion is pH responsive. When the pH of the polymer dispersion is adjusted by 
addition of a base such as ammonia, an amine or a non-volatile inorganic base such as sodium 
hydroxide, potassium carbonate or the lilce, the aqueous mixture becomes translucent or transparent as 
the polymer dissolves at least partially in the aqueous phase with a concurrent increase in viscosity, 
5 This neutralization can occur in situ when the liquid emulsion polymer Is blended with an aqueous 
solution containing a suitable base. Or if desired for a given application, pH adjustment by partial or 
complete neutralization c^n be carried out before or after blending the liquid emulsion polymer with an 
aqueous product 

The term "liquid emulsion polymer"* as applied to the new thickener of this specification means 
JO that the thickener is an emulsion polymer because the polymer was prepared by emulsion 
polymerization even through the polymer per se may be (and generally is) a solid at room temperature 
but Is a "liquid" emulsion polymer because it Is in the form of a liquid solution or dispersion. 

4. Use as A Thickener 

75 These emulsion polymers are useful as vratersoluble thickeners for a wide variety of applications 
ranging from cosmetics to drilling muds. They are particularly useful as thickeners for a wide variety of 
water-based compodtions including aqueous brine and polymer solutions as welt as aqueous slurries 
and colloidal dispersions of waternnsoluble inroganic and organic material including compositions such 
as natural rubber, synthetic or artifidal latexes and aqueous products containing such materials. 

20 Synthetic latexes which may be thickened with the liquid emulsion polymers are aqueous 
colloidal dispersions of water-insoluble polymers prepared by emulsion polymerization of one or more 
ethylenically unsaturated monomers Typical of such synthetic latexes are emulsion copolymers of 
monoethylenically unsaturated compounds such as styrene, methyl methacrylate, acrylonltrile with a 
conjugated diolefin such as butadiene or isoprene; copolymers of styrene, acrylic and methacryllc 

25 esters, copolymers of vinyl hallde, vinytidene halide, vinyl acetate and the like. Many other ethylenically 
: unsaturated monomere or mixtures thereof- can be emulsion polymerized to form synthetic latexes. 
Representative monomere are vinyl aromatic monomere such as styrene, dr-methylstyrene,. t-butylr 
styrene, chlorostyrene, vinyltoluene; ronjugated dienes such as butadiene, isoprene and 2-ch!oro-1 ,3- 
butadtene; vinyl chloride, vinylidene chloride, acrylonltrile, and methacr/lonitrile; acrylic and ^hydroxy- 

30 alkyi acrylic esters; vinyl acetate, vinyl propionate, ethylene and methyl Isopropenyl ketone. Also limited 
amounts of unsaturated carboxylic add monomers such as defined by Formula I are frequently used In 
preparing the base polymer for latex paints. 

The artifidal latexes are latexes which are produced by the dispersion or redispereion of pre- 
formed water-Insoluble polymere or solutions thereof. The artificial latexes are produced by known 

35 emulsificatlon processes, e.g., by addition of water with stirring until phase inversion occure, by high 
shear mixing with water at elevated temperatures or by dilution of a mixture of water and a water- 
misidble solvent followed by stripping to remove the solvent A surfactant is required in the 
emulsrfication process unless hydrophilic groups are attached to the polymer In sufficient quantity to 
assist dlspereion but in insufficient quantity to produce water-solubility* 

40 Such artificial latexes are produced from polymere which are not prepared readily from monomere 
by emulsion polymerization, either because no substantial polymerization at a commerefally acceptable 
rate is obtained under usual emulsion polymerization conditions, such as with isobutene, or because a 
particular form of the polymerized monomer is desired, for example, stereospecific polyisoprene, 
stereospecific polybutadiene and the like. Representative pre-fbrmed polymere are polymere and 

45 copolymere of the mono-olefins having from 2 to 20 carbon atoms such as ethylene, propylene, 1- 
butene, 2-butene, isobutene* pentene, hexene, octene, dodecene, hexadecene, octadecene and 
especially those mono-olefins having up to 8 carbon atoms. Especially common types are the various 
ethylene/propylene copolymers. 

illustrative of still other polymere which can be converted to artificial latexes are alkyd resins, 

so block and graft copolymere; e.g., styrene/butadlene graft and block copolymere; epoxy resins such as 
the reaction products of epichlorohydrin and bisphenot-A; and thermosettable vinyl ester resins; e.g., 
the reaction products of approximately equivalent amounts of a polyepoxide and an unsaturated mono- 
carboxyllc add such as acrylic add and methacryllc acid or unsaturated fatty adds such as oleic acid. 
The thickenere of this invention are advantageous for use with the water-based compositions 

55 according to the foregoing descr^tion and with compositions containing those materials, especially 
coating compositions of various types. Mixtures of two or more thickenere may be used, if desired. Of 
couree the latex polymere used in coating compositions are preferably film-forming at temperatures 
below about 25**C, either Inherently or through the use of plasticizere. Such coating compositions 
include water-based consumer and industrial paints; sizing, adhesh/es and ther coatings for paper, 

$0 paperisoard, and textiles. 

Usually these latex coating compositions contain added pigments, fillere and extendere such as 
titanium dioxide, barium sulfate, calcium carisonate, days, mica, talc, and silica. The novel liquid 
emulsion polymere described herein are compatible with most latex paint systems and provide highly 
effective and efficient thickening. Suitable results are obtained using 0.05 — 5.0 weight percent of the 

55 liquid emulsion polymer based on total weight of solids, and preferably 0.1 — 2.0 weight percent 
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The aqueous competitions thickened with the liquid emulsion polymers of this invention 
preferably are those in which any dispersing or solvating liquid present consists of greater than 50 
percent by weight of water. 

Subject of the present invention is therefore also a thickened aqueous composition having a pH 
5 within the range of 6.5 — 11.0 comprising an aqueous composition containing a water-soluble or 
dispersible material and 0.05 — 5.0 weight percent of the emulaon polymers described above, 
espedally the preferred polymers, and a process for making a thickened aqueous composition which 
comprises; 

(1) blending with the aqueous composition a sufficient amount of the emulsion polymer to thicken the 
10 aqueous composition and 

(2) adjusting the pH of said blend within a range of 6.5 — 11 .0 as necessary to dissolve the emulsion 
polymer therein and thus thicken the aqueous composition. 

The following examples illustrate further the present invention. Unless otherwise indicated, all 
parts and percentages are by weight 

IS 

Example 1 
Preparation of Vinyl Surfactant Esters 
The following are typical procedures for the preparation of the vinyl surfactant ester (VSE). 

A. Nonylphenoxypoly{ethyleneoxy)gethyl Methacrylate 

20 A stainless steel reactor was charged with 474 parts (0.68 mole) of nonylphenoxy- 

polyCethyleneoxylgethanol (Ingepal® CO — 660 from GAR, 0.31 part of hydroqutnone and 0.16 part of 
lonel® {2,6-di-t-butyl-p-cresol from Shell Chemical (Co.). Then 8.6 parts of 90 ± 2 percent H^SO^ 
was added with stirring followed by 526 parts (6,1 moles) of methacrylic acid stabilized with mono- 
methyl ether of hydroquinone (MEHQ). With a slow stream of air bubbling through the reactant mixture, 

25 the reactor was heated at 105°C for two hours, cooled and then liquid product (VSE — 1 A) recovered. 
By liquid chromatographic analysis, the neat product contained 47^ weight percent surfactant ester 
(90 percent conversion), 4.8 weight percent unreacted surfactant, 46.8 weight percent excess 
^ methacrylic acid and 1.2 weight percent water, sulfuric acid and stabilizers. 

The vinyl surfactant ester can be used neat for the preparation of the desired emulsion 

30 . copolymers or the ester can be recovered by conventional means. For use in neat form, a conversion to 
vinyl ester of at least 30—40 percent is desirable to avoid top high free surfactant level in the 
subsequent ernulsion polymerization. With a 4 — 10 fold excess of carboxylic acid monomer, 70 — 90 
percent conversion can normally be obtained at 100*" — 120"C in 2 — 4 hours. 

Other strong acid catalysts including p-toluenesulfonic acid and strong acid cation exchange 

55 resins such as Dowex® 50 (H+ form) can be used, but 90 percent HjS04 is effective and convenient 
Indeed, this general H2SO4 catalyzed process has been used with a wide variety of Cg — C^g alkyl- 
phenoxypoly(ethyleneoxy)ethanola 

B. Nonylphenoxypoly(ethyIeneoxy)3gethyl Methacrylate 

40 A mixture of 222 parts of nonyiphenoxypoly(ethyleneoxy)33ethanol, 384 parts of methacrylic acid, 
0.06 part of hydroquinone and 0.08 part of lonol® was blended in a stirred glass reactor and 5.5 parts 
of concentrated H2SO4 was added as esterfficatlon catalyst The mixture was slowly heated to 1 lO^^C, 
held at 110**C for an additional 145 minutes and then cooled to give 611 parts of a neat ester 
(VSE — IB) containing 38 weight percent of the surfactant ester and 62 weight percent of unreacted 

45 methacrylic acid, 

C. Dodecylphenoxypoly(ethyieneoxy),oethyl Methacrylate 

A mixture of 74.4 parts (0.1 mole) of dodecylphenoxypoly{ethyleneoxy), methanol (TOet DO — 1 1 
from Hayworth Chemical Co.), 129 parts (1.5 moies) of methacrylic acid and 0.06 part each of hydro- 
so quinone and lonol® was blended in. a stirred glass reactor and 1.8 parts concentrated H2SO4 added as 
esterification catalyst The mixture was slowly heated to 1 12°C, held at 1 12**C for an additional 165 
minutes and then cooled to give 205 parts of a neat ester (VSE— ^1 C) containing 40.5 weight percent of 
the surfactant ester and 59.5 weight percent of unreacted methacrylic acid. 

55 D. n-0ctyloxypoly(ethyleneoxy)^getiiyl Methacrylate 

In a similar manner the n-octyl polyethylene glycol ether obtained by condensation of n-octanol 
with 20 moles of ethylene oxide was esterified with excess methacrylic acid using sulfuric acid as a 
catalyst A conversion of about 90 percent was obtained in two houre at 110** — 120**C. 

so E. Hexadecylpoly(ethy[eneoxy)3g6thyl Methacrylate 

A mixture of 148 parts (0.058 mole) of hexadecylpoly(ethyleneoxy)3gethanol, 255 parts (2.98 
moles) of methacrylic acid, 0.06 parts of hydroquinone and 0.06 part of lonol* and 3.6 parts 
concentrat d H2SO4 was h ated at 100** — 1 12°C for two hours yielding 403.5 parts of a.solution 
containing 37.7 percent of vinyl surfactant ester (VSE — 1 E) and 62.3 percent of excess methacrylic 

55 acid. 
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MethoxYpropoxypoly(butyleneoxy)^(ethyfeneoxy),gethyI Methacrylate 

The direct sulfuric acid catalyi d esterification process f Example 1A was used to prepare the 
above ester from ths monomethyl ether of propylene glycol (Dowanol PM from The Dow Chemical 
Company) condensed with four moles of butylene oxide and then 20 moles of ethylene oxide uang an 
5 alkaline catalyst The neat xnnyl surfactant ester (VSE— 1 F) can be used without further purification in 
the preparation of the liquid emulsion copolymer. 

Other mono — alkyl glycol ether surfactants can be similarly esterified to provide vinyl 
surfactant esters with controlled hydrophilic-lipophllic balance. 

70 Example 2 

Liquid Emulsion Polymerization Process 
The following are typical procedures for the preparation of the liquid emulsion polymers. 

LEP_2A — 48.0 MAA/42.0 EA/10.0 VSE— 1A 

rs The polymerization is carried out In a stainless steel jacketed reactor equipped with stirrer and 
feed pumps using the concurrent addition technology of Miller et al. U.S. 3,563,946 in which separate 
monomer mix and aqueous feed solutions are added concurrently to an initial aqueous reactor charge 
stin-ed at 90 rpm and preheated to a desired temperature. When Ihe addition of monomer and aqueous 
initiator is completed, normally In about 2 — 4 hours, the emulsion is stirred an additional 1.5 hours to 

20 finish the polymerization. Then the reactor Is cooled and the liquid emulsion polymer filtered through 
100 and 200 mesh screens. 

A typical recipe and reaction conditions are: 

(1) Initial Reactor Charge* 

25 

I 374.0 parts Condensate water 

0.0075 part Versenex® 80 chelant 

(4096 solids) 

30 

2.0 parts Gafac^RE — 610 anionic 

surfactant 

35 (2) Monomer Mix — Feed Rate — 4 hours 

48.0 parts Methacrylic acid (MAA) 

42.0 parts Ethyl acrylate (EA) 

40 

10.0 parts Vinyl surfactant ester 

(VS&— 1A) 

6.0 parts Igepal^^CO — 530nonionic 
<5 surfactant 

(3) Aqueous Feed Mix — Feed Rate — 4 hours 
so 69.8 parts Condensate water 

0.0025 part Versenex<s* 80 chelant (40%) 

0.4 part Sodium hydroxide 

55 

2.0 parts Dowfax9 2A1 anionic 

surfactant (45% solids) 

1.0 part Gafac»RE — 610 surfactant 

60 

0.5 part Sodium persulfate 



55 
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♦Notes: Quantities ar in parts by weight based on 100 parts total monomer 

Versenex® 80 — sodium diethylenetriamlnepentaacetic acid, 40% active solids from The 
Dow Chemical Company 

Gafac® RE — 610 — a nonylphenoxypoly(ethyleneoxy)phosphate ester in free acid form 
5 from GAF 

VSE — 1A — neat vinyl surfactant ester of Example 1A (100% active basis) 

Igepal® CO — 530 — nonyiphenoxypoly{ethyleneoxy)5ethanol from GAF 

Dowfax® 2A1 — ^dium dodecyldiphenyl ether disutfonate from The Dow Chemical 

Company 

10 Conditions: Addition Temperature — 70^0 

Agitation — 230 rpm 
Cookdown — 80**C, 1.5 hours 
The resulting liquid emulsion polymer contained 20.1 weight percent solids at pH 3.5 and had a 1 
percent aqueous ^lution viscosity in ammonium salt form at pH 9 of 0.400 Pa.s (Brookfield Model 
IS LVT, #2 spindle, 12 rpm, 25°CK 

LEP— 2B — 42.0 MAA + 6.0 1 A/42.0 EA/1 G.O VSE— 1 A 

Using the same polymerization recipe and conditions, a liquid emulsion polymer was prepared in 
which 6 parts of itaconic acid was substituted for 6 parts of methacryltc acid. The resulting liquid 
20 product contained 19.9 weight percent solids at pH 3.5 and had a 1 percent aqueous solution 
Brookfield viscosity of 1 .090 Pa.s in ammonium salt form. 

LEp_2C— 1 — 48.3 MAA/41.7 EA/10.0 VSE— 1A 

In like manner a copolymer of 48.3 MA/41.7 EA/10.0 VSE — 1A was prepared which contained 
2S 20.0 weight percent solids and had a 1 percent aqueous solution Brookfield viscosity of 0.390 Pa.s in 
ammonium salt form. 

; LEP— 2C— 2, LEP— 2C— 3, LEP-^C— 4 and LEP— 2C— 5 

These liquid emulsion polymers differ from LEP — ^2C — 1 in the proportion of components. The 
30 compositions are shown In Table I. 

LEP— 2D— 1 — 42.0 MAA/37.2 EA/20.8 VSE— IB 

Several runs were made in 2 liter or 2 gallon (8.8 I) reactors using the process of LEP — ^2E and the 
methacrylic ester of nonyiphenoxypolyfethyleneoxylggethanol (VSE — 1 B) and the above monomer mix, 
35 Very clean emulsion polymers were obtained after filtration, containing about 20 weight percent solids 
and having an average particle size of about 0.1100 — 0.1 300 /im. 

LEP— 2D— 2, LEP— 2D— 4 and LEP— 2D— 5 

These liquid emulsion polymers differ from LEP — ^2D — ^^1 in the proportion of components. The 
4a compositions are shown in Table 1. 

LEP— 2E — 47.8 MAA/42.0 EA/1 0.2 VSE— 1C 

A stinred glass reactor was charged with 271 parts of water, 2.0 parts of Conco Sulfate 219 
(sodium salt of ethoxylated, sulfated laur/l alcohol from Continental Chemical Co.) and 0.1 part of 
4S Versenex® 80 (40 percent). The reactor charge was purged with nitrogen while stirring and was heated 
to eg^'c. 

A monomer mixture of 24.7 parts of methacrylic acid, 3 1 ,6 parts of ethyl acrylate, 1 9.0 parts of 
the product solution of Example 1 — C containing 40.5 percent of vinyl surfactant ester-1 D and 59.5 
percent of methacrylic acid and 2.0 parts Conco Sulfate 219 was prepared in a dropping funnel. 

so To the preheated aqueous reactor diarge was added 0.1 3 part of potassium persulfate and about 
7 parts of the monomer mixture. Then the remainder of the monomer mixture was added over about 3 
hours while keeping a reaction temperature of 69° — 70**C. After stirring an additional 2.25 hours at 
70°C. the liquid emulsion polymer was cooled and filtered. The product (341 parts) contained 21.4 
percent solids and had a Brookfield viscosity of 9200 as a 1 percent aqueous solution in ammonium 

55 salt form. 

LEP— 2F — 42.2 MAA/37.2 EA/20.6 VSE— ID 

Uang the general procedure of LEP — ^2A, a monomer mix of 42.2 parts of methacrylic acid, 37.2 
parts of ethyl acrylate and 20.6 parts of octyloxypoly(ethyleneoxy),gethyl methacrylate (VSE — ID) was 
60 copolymerized to giv a stable mulsi n copolymer containing 21.7 percent solids and having a 1 
percent Brookfield LVT vise slty of 0.450 Pa.s when neutralized with NH^OH. 

LEP— 2G— 1 — 46.8 MAA/41.4 EA/1 1.8 VSE— 1 E 

In a similar manner a monomer mix of 18.5 parts of methacrylic acid, 28.0 parts of ethyl acrylate, 
65 21.0 parts of the solution from Example 1 — E which contained 37.7 percent of hexadecyioxy- 
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poly(ethyleneoxy)39ethyl methacrylate (VSE — IE) and 62.3 percent of mefhacrylic acid and 0.2 part of 
dodecyl mercaptan was copolymeriz^ at 59** — 62**C using 0.09 part potasdum persulfate initiator to 
give a stable emulsion copolymer confining 20.5 percent solids and having a 1 percent Brookfield LVT 
. viscosity of 0.450 Pas when neutralized with NH^OH. 

5 

LEP— 2G— 2 49.6 MAA/44.1 EA/6.3 VSE— IE 

This liquid emulsion polymer differs from LEP — ^267-! In the proportion of components. 

LEP— 2H — 48,3 MAA/41.7 EA/10.0 VSE— IF 
to In another run a copolymer of 48.3 MAA/41.7 EA/10.0 VSE — IF was prepared from the 
methoxypropoxypoly(butyien8oxy)(ethyleneoxy)ethyl methacrylate of Example 1 — F. It contained about 
20 weight percent solids and had a 1 percent aqueous solution Brookfield viscosity of 0.288 Pa.s in 
ammonium salt form. 

It was found that increasing the polymerization temperature from 60** — SO'^C had little effect on 
7$ product efficiency in paint _But, the thickening efficiency of these products decreased as the nonionic 
vinyl comonomer was changed from ethyl acrylate to butyl acrylate to 2-ethylhexyl acrylate and to 
methyl methacrylate. Thickening efficiency increased with increasing alkyi chain length from Cg— C„ 
alkyi in the alkylphenoxy surfactant ester. 

20 Example 3 

Use as a Thickener for Latex Paint 
The utility of the new liquid emul^on polymers as a thickener for latex paint is illustrated by data 
obtained with several latex pajnt formulations and tests. 



25 


Formulation 3A — 


Interior Fiat i^tex Paint 








Ingredients* 


Ujs 


(Kg) 


Gallons 


(1) 


30 


A. Water 


300 


(136) 


36.06 


(136.5) 


Pigment dispersant 
12596 Tempi* 731) 


12 


(5.5) 


1.31 


(5.0) 


36 


Oefoamer (Drew L— 475) 


. 2 


(0.90) 


0.26 


(1.0) 


Preservative (Dowicliil* 75) 


1 


(0.45) 


0.08 


m) 




Surfactant (Triton* X — 100) 




(2.3) 


0.56 


(2.1) 


40 


Aluminum silicate (ASP8400) 


100 


(46.5) 


4.66 


(17.6) 




CaCO, (snowfialce white) 


125 


(56.7) 


5.54 


(21.0) 


45 


Titanium dioxide (Tt-Pure* 
R— 931) 


250 


(113.4) 


7.79 


(29.5) 




B. Ethylene glycol 


25 


(11.3) 


3.00 


(11.4) 


SO 


Glycol ether (Texanol) 


10 


(4.5) 


1.26 


(4.8) 


EverflexE* latex (55%) 


350 


1113.4) 


27.78 


(105.1) 




C LEPThlckenerand water** 


95.6 (43.4) 


11.47 


(43.4) 


55 




1175.6 


(533.2) 


99.77 


(377.6) 



♦Notes: Tamol® 731 — sodium salt of maleic anhydride/diisofautylene copolymer from Rohm & 
Haas 

Drew L — 475 — liquid defoamer from Drew Chemical Corp., Parslppany, NJ 07054 
w - Dowicii 75 — H3-diloroallyl)-3,5.7-triaza-1-azoniaadamantane chloride to which 

sodium bicarbonate has been added, from The Dow Chemical Co. 
Triton X — 100 — octylphenoxypolyethoxyethanol from Rohm & Haas 
ASP — 400 — Pigment grade aluminum silicate from Engelhard Minerals & Chem Corp., 
Iselin, NJ 
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*Notes (cont): 

Snowflake White — Pigment grade calcium carbonate from Thomp^n, Weinmann 8- 

Co., Catersvifle, GA 30120 

Ti-Pure* R — 931 — TiOj pigment from duPont 

Texano! — 2JZ.4-trimethylpentanediol-1.3 monoisobutyrate from Eastman Chemical 
Products, Inc., Kingsport, TN 37662 

Everflex E® latex — vinyl acetate-acrylic copolymer latex, sometimes called "vinyl-acrylic 
latex" or less commonly — "vinyl-acrylate latex" from W. R. Grace Co. 
•♦LEP Thickener — normally 1 .0—6.0 lbs (1 00% solids baasl/l 00 gal (1 .2—7.2 kg/m^) 
plus water to balance 

To prepare a stock paint base, the A Ingredients are ground together at high speed for 20 minutes 
u^ng a Cowles grinder. Then at reduced speed premixed ethylene glycol and glycol ether are added 
followed by the Everflex E® latex. The liquid emulsion polymer thickener (20 percent solids) and' 
appropriate amount of water can be added immediately or later as desired for test purposes. 

Formation 3B — Interior Semigloss Latex Paint 





Ingredients* 


Lbs 


, (kg) 


Gallons 


^ (1) 


A. 


Water 


93 


(42.1) 


11,18 


(42.3) 




Pigment dispersant 
(25%Tamol®731) 


11 


(5.0) 


1.20 


(4.5) 




Defoamer (Nopco® NDW) 


2 


(0.9) 


0.27 


(1.0) 




Propylene glycol 


32 


(14.5) 


3.84 


(14.5) 




Preservative (Dowicil* 75) 


1.3 


(0.6) 


0.10 


(0.4) 




Titanium dioxide (Ti-Pure® 
R— 900) 


275 


(124.6) 


7.95 


(30.0) 


B. Defbamer (Nopco<s> NDW) 


4 


(1.8) 


0.53 


(2.0) 




Surfactant (Triton® NDW) 


2 


(0.9) 


0.23 


(0,9) 




Surfactant (Dowfax® 2A1 ) 


2 


(0.9) 


0.21 


(0.8) 




Rhoplex® AC 490 (46.5%) 


590 


(267.2) 


66.67 


(252.3) 




Propylene glycol 


32 


(14.5) 


3.84 


(14.5) 




Phenoxyethanol coalescing agent 


10 


(4.5) 


1.09 


(4.1) 


C. 


LEP Thickener and water** 


74.0 


(33.5) 


8.87 


(33.6) 






1128.3 


(511.1) 


105.98 


(401.1) 



*Notes: Tamol® 731 — sodium salt of maleic anhydride/diisobutylene copolymer from Rohm d- 
Haas 

Nopco® NDW — nonionic liquid defoamer from Diamond Shamrock Chemical Process 
Div, 

Dowicil® 75 — 1-(3-chloroallyl)-3,5,7-triaza-1-a2oniaadamantane chloride to which 
sodium bicarbonate has been added, from The Dow Chemical Co. 
Ti-Pure® R — 900 — TiO^ pigment from duPont 
Triton® GR7M — dioctyl sodium sulfosuccinate from Rohm & Haas 
Dowfax® 2A1 — sodium dodecyldiphenyt ether disulfonate from The Dow Chemical Co. 
Rohplex® AC 490 — acrylic emulsion latex from Rohm & Haas 
**LEP Thickener — nonnally about 1.0 — 6.0 lbs (100% solids basis)/100 gal 
(1.2 — ^7.2 kg/m^) plus water to balance 
To prepare a stock paint base, the A ingredients are ground together at high speed for 20 minutes 
using a Cowles grinder. Then at reduced speed the B ingredients Including premixed propylene glycol 
and phenoxyethanol are added. The emulsion polymer thickener (20 percent solids) and the balance of 
the wat r can be added Immediately r later as desired for the test purposes. 
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Procedures 

A. Thickener Addition — The liquid emulsion polymers can be incorporated In latex paints In 
several ways: 

1. Addition of the emulsion polymer to the final paint as liquid dispersion with subsequent 
5 neutralization with aqueous NH^OH (28 percent) to a pH > 7. 

2. Presolubilization of the dispersion by diluting it with water and then adding sufficient alkali 
(NH4OH or NaOH) with agitation. Once a clear solution has been obtained this can be post added to the 
final paint 

3. Addition to the thickener to the pigment grind after the pigment has been dispersed and then 
70 the addition of sufficient allcali {NH4OH or NaOH) to solubilize the thickener. It is recommended that the 

pigment grind be as dilute as possible prior to solubilization of the thickener dispersion. 

For experimental purposes, addition of the liquid emulsion polymer to a stock base paint followed 
by pH adjustment as necessary is particulaHy convenient (Method 1). 

IS B. Evafuadon — Properties of paint thickened with the liquid emulsion polymers are evaluated 
using standard procedures recommended by ASTM Committee D — 1 Subcommittee D — 42 and paint 
companies for determining such properties as paint viscosity, stability, flow an?J leveling, brushability, 
spatter, hiding power, color compatibility and gloss. For research purposes, the following tests for the 
paint viscosity, flow and leveling are particulaHy useful: 

20 1. Stormer Viscosity — (ASTM Method D 562—55). The paint viscosity is measured with a 
Stormer Viscosimeter 24 hours after preparation. A viscosity of about 85 — 105 Kreb Unit (KU) is 
desired for most commercial latex paints. Accelerated stability tests often use Stormer viscosity 
measurements at 25*>C of samples held at 120°F (49**C) for 2 — 4 weeks. 

2. Leneta Leveling Test — (The Leneta Co., Ho-Ho-Kus, NJ 07423). A paint sample is drawn 
25 down using a Leneta leveling test blade and the dried paint film compared visually with eleven Leneta 

* levelness standards numbered O — 10 with 10 being perfect leveling. 

3. Leneta And'Sag Tesf — (The Leneta Co., Ho-Ho-Kus, N J 07423). A presheared sample of paint 
is drawn down with the Leneta anti-sag meter on Leneta drawdown chart form 78 positioned 
horizontally on a first glass or metal plate. The chart is then Immediately placed in a vertical position ; 

30 with tiie paint stripes horizontal and left edge (thinnest stripe) at the top, and allowed to dry. Each 
stripe, ranging In wet film thickness from 0.00762 to 0.03048 cm, is considered as having the same ; 
rating number as the notch by which It has been applied. The highest number (thickest) stripe that does 
not touch the one below itself is referred to as the index stripe, and Its number Is the Anti-Sag Index of 
the paint The practical interpretation of ratings Is empirical and strongly subjective. Optimum sag 

3S resistance depends on the type of coating, but in general, an index of 8 through 12 is considered good 
to excellent . 

4. Scrub Resistance — ASTM Method ID — ^2486 — 66T. This test Is normally run without the shim 
and provides an accelerated measure of wall paints to scrub erosion. 

5. Color Acceptance — A test paint is prepared by mixing 0.5 g of color tint with 24.5 g of 
40 formulated paint and drawn down on a primed-unprimed chart (Leneta IB) using a 0.0178 cm gap 

clearance blade. A 2 — 3 cm diameter circular area overiapping the primed-unprimed chart surface is 
rubbed with a finger until decided resistance is felt. The film is dried and rated as: (1 ) acceptable — no 
visual difference in rubbed area; (2) pigment fiocculation-rubbed area lighter in color or (3) colorant 
flocculation-rubbed area daricer in color. 
46 6. Gioss — ASTM Method D — 523 — 67 Is used to measure the Gardner 60° gloss of paint test 

panels, A gloss rating of 30—65 Is generally desirable for Interior semigloss latex paints, 

C. Table I 

Table I presents typical test results for an Interior flat latex paint and an interior semigloss latex 
so paint prepared as described for Formulations 3A and 38 using the representative liquid emulsion 
polymers described in Example 2. 

Test results such as shown in Table I demonstrate the utility of the water-based liquid emulsion 
polymere described herein as a pH responsive thickener for aqueous compositions. By appropriate 
adjustment of monomer ratios, polymerization conditions and final product formulations, the liquid 
55 emulsion polymere can be tailored to give optimum thickening for many applications induding 
particulariy those containing natural, synthetic and artificial latexes. 
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D. Table II 

Table II presents typical test results comparing tw liquid emulsion polymer thickeners with thre 
commerdal cellulose ether thickeners commonly used in latex paints. The effective thickening observed 
even with a lower viscosity LEP product suggests association of the LEP thickener with other 
5 components of the paint formulation as well as hydration by water. 

TABLE H — COMPARISON OF THICKENERS 
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Test 


Thickener 


1%Visc, 


r aim 
Base 


Thickener 
wt 


ndQivt? 
vise. 


Vise. 
KU 




30— 1 


LEP— 2A 


400 


3A 
3B 


4.5 
2.75 


(5.4) 
(3.3) 


3.65 
0.9 


101 
85 


fS 


3D— 2 


LEP— 2E 


9200 


3A 
38 


3.5 
2.0 


(4.2) 
(2.4) 




110 
106 


20 


3D— 3 


HEC 


1100—1450 


3A 
3B 


5.0 
3.25 


(6.0) 
(3.9) 




96 
94 


3D— 4 


HEMC 


800—1050 


3A 
3B 


5.25 
3.5 


(6.3) 
(4.2) 




88 
91 


25 


3D— 5 


MC— J 


1000—1500 


3A 
38 


4.5 
2.5 


(5.4) 
(3.0) 


1.75 
1.3 


95 
80 



Notes*: LEP— 2 A: 48.0 MAA/42.0 EA/10.0 VSE— 1A 
LEP— 2E: 47.8 MAA/42.0 EA^10.2 VSE—1C 
HEC: Hydroxyethyl cellulose QF 15,000 (Union Carbide Corp) 
30 HEMC: Hydroxyethyl methylcellulose XD — 7603.03 (The Dow Chemical Co.) 

MC — J: Hydroxypropyl methylcellulose Methocel«* J20MS flTie Dow Chemical Co.) 
Paint Base: Formulation 3A or 3B 
Thickener, wt Lbs 1100% soiidsl/1 00 gal (kg/m^) 
Haake vise: Viscosity (poise = 10"' Pa.s) at 10,000 sec"' 
35 Vise. KU: 24 hr Stomier viscosity 

E. To illustrate a more detailed evaluation of a liquid emulsion polymer as a thickener for a latex 
paint Table III presents typical data for the liquid emulsion polymer described in Example 2A (48.0 
MAA/42.0 EA/1 0.0 VSE — 1 A; 20.1 percent solids. 1 percent viscosity of 0.305 Pa.s at pH 9.0) used as 
a thickener in two paint formulations. For comparison, similar data for a commercial cellulose ether 
40 thickener Is also given. Note ^at the liquid emulsion polymer Is more efficient as a thickener provides 
improved flow and leveling with markedly reduced spattering and yet retains many of the desirable . 
properties of the cellulose ether thickener. 

Further rheologtcal study of the liquid emulsion polymers suggests a controlled Interaction or 
association of the LEP with the latex and pigment particles as a significant factor in the Improved film 
4S build (one coat hiding) and reduced spray and spattering from roller application. 
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Example 5 

LEP Thickeners in Other Aqueous Systems 

The wide utility of the liquid emulsion polymers as thickeners for aqueous compositions including 
inorganic solutions and slurries is indicated by data such as the following: 

A. Varying amounts of several inorganic salts were added to 1 percent aqueous solutions of 
LEP — 2A (pH 9) and the Brookfield viscosity of the resulting solutions determined. Typical results are 
shown in Table IV. . 

TABLE iV — VISCOSITY, Pa.s AT 25'>C, pH 9 
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75 



Salt 


Cone: 0% 


0.25% 


0.50% 


0.75% 


1.00% 


NaCI 


0.300 


1.090 


1.200 


1.125 


0.850 


NajSO* 


0.300 


0.780 


0.910 


0.920 


0.905 


MgClj 


0.300 


>2.500 


0.470 


FIoc 





2G B. To a slurry of 48.8 g of titanium didxide (Ti-Pure® R — 931 from duPont) and 50.2 g water 

having a 1 percent Brookfield viscodty of about 0.100 Pa^ was added 51.0 g of a 2 percent aqueous 
solution of LEP — ^2A havnng a pH of about 9 and a 1 percent Brookfield viscosity cf 0.300 Pa.s. The resulting 
thickened slurry had a 1 percent Brookfield viscosity of 4.200 Pa.s. 

C The effect of LEP — ^2A as a thickener for several unformulated vinyl-acrylic paint latexes was 
25 determined using several commercial latexes blended with a 2 percent aqueous solution of LEP — 2A 
neutralized to plH 9 with NIH^OH. The blended aqueous compositions were adjusted to 21 percent total 
' solids and Brookfield viscosities were deterinined with results shown in Table V. 
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TABLE V — BROOKFIELD VISCOSPTY* (Pa.s) 
Latex* Initial 2%LEP— 2A 



Everflex®E 0.010 0.170 

55 Airfiex®500 0.0075 0.600 

Ucar^See 0.010 0.290 

• Everfiex« E — Vinylacrylic copolymer (55% solids; W. R. Grace & Co.) 
^ Airflex^ 500 — Vinyl acetate-ethylene latex (55% solids; Air Products & Chemicals) 

Ucar* 366 — Vinyl acetate-acrylic copolymer latex, sometimes called "vinyl-acrylic latex" 

(55% solids; Union Carbide Corp.) 

Brookfield Viscosity #2 Spindle, 12rpm, 25°C, pH 9.0 

45 Claims 

1. A liquid emulsion polymer useful as a pH responsive thickener for aqueous compositions 
comprising an aqueous emulsion copolymer of: 

A. 15 — 60 weight percerrt based on total monomers of at least one C3 — Cg a,^thylenically 
so unsaturated carboxylic acid monomer of the formula: 



RCH=C;— COOH (!) 

ss 

where R is H and R' is K C.— C^ alkyi, or — CH^COOX: 
R is --COOX and R' is H or — CH-COOX; or, 
R is CH3 and R' Is H; and 
X is H or 0,-0^ alkyi; 

60 B. 1 5 — 80 weight percent based on total monomers of ethyl acrylate or mixtures thereof with 

styrene, 2-hydroxyethyl acrylate, acrylonitrile, vinyl chloride or vinyl acetate; and 
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C. 1—30 weight percent based on total monomers of at least one nonionic vinyl surfactant ester 
of the formula: 

R' OR 

1 II > 

g R:'0-+CH2CH0)„{C2H^0)„— C— C=CHj (ID 

where R is H or CH3, each R' is — alkyl, 

R" is Cg — Cjo alkyl or Cg — C^g-alkyi phenyl, 
n is an average number from 6 — 100 and 
ro m is an average number from 0 — 50 provided that n > m and Z(n + m) is 6 — 100; 

said polymer being stable as an aqueous colloidal dispersion at a pl-l lower than about 5.0 but 
becoming an effective thickener for aqueous systems upon adjustment to a pH of 5.5 — 10.5 or higher. 

2. The polymer of Claim 1 where the carboxylic add monomer (A) is methacrytic acid, acrylic acid, 
or mixtures thereof with fu marie or itaconic acid. 
IS 3. The polymer of Claim 1 where the vinyl surfactant ester is selected from the group consisting 
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of: 



1) alkylphenoxypoly(ethyleneoxy)ethyl acrylates of the formula: 



(ill) 



where R is H or CH3; Y' is Cg— C^g-alkyl. and n is 6 — 100; 
25 2) alkoxypoly(ethyleneoxy)ethyl acrylates of the formula: 

; 0 R 

R'^O-fCjH^O^— C— C=CHj (IV) 

30 

where R is H or CH3, R'' is Cg — Cjo alkyl, and n is 6 — 50; 
and 

3) alkoxypoly(alkyleneoxy)ethyl acrylates of the formula: 

3S R' OR 

I II I 

R''CH-CH2CH0)„(C2H40)„— C2H4O— C— C=CHa (VI 

where R is H or CH3, each R' is C, — Cj alkyl, 
40 R" is Cg — Cjo alkyl, and 

n is 6 — 50 and m Is 1—40. 

4. The polymer of Claim 1 consisting essentially of: 

A. 35 — 55 weight percent of methacrylic add, acrylic add or mixtures thereof with fumaric or 
itaconic add; 

4$ B. 35 — 50 weight . percent of ethyl acrylate or mixtures thereof with styrene, 2-hydroxy- 
ethylacrylate, acrylonitnle, vinyl chloride or vinyl acetate; and 

C. 2 — ^20 weight percent of a vinyl surfactant ester of Formula II. 

5. The polymer of Claim 1 wherein A contains 40—45 weight percent of methacrylic acid and 
2 — 1 0 weight percent of itaconic add and the polymer has an average particle size of 0.05 — 0.3 mm 

so and a Brookfield viscosty of 0.050—50 Pa.s as a 1 percent aqueous solution in ammonium salt form at 
pH 9.0 and 25«C. 

6. A liquid aqueous colloidal dispersion useful as a pH responsive polymeric thickener for aqueous 
compositions containing 1 0 — 50 weight percent of the emulsion polymer of Claims 1 to 5 and having a 
pH of 2.5—5.0. 

ss 7. A process for making the liquid aqueous colloidal dispersion of Claim 6 comprising emulsion 
copolymerizing the monomeric mixture at a pH of 2.5—5.0 in the presence of a free-radical producing 
Initiator at a temperature between 60° — ^90**C. 

8. A thidcened aqueous composition having a pH within the range of 6,5 — 1 1.0 comprising an 
aqueous composition containing a water-soluble or dispersibie material and 0.05 — 5.0 weight percent 
60 of the emulsion polymer of Claims 1 to 5 based on total weight of solids. 

9 A process for making a thickened aqueous composition which comprises: 
(1) blending with the aqueous composition a suffident amount of the mulsion polymer of Claims 
1 to 5 to thicken the aqueous composition and 

12) adjusting the pH of said blend within a range of 6.5^ — 11.0 as necessary to dissolve the 
65 erifiulsion polymer therein and thus thicken the aqueous composition. 
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Rev ndications 

1. PolymSre Iiqulde en Emulsion utiHs^ comme ^paississant sensible au t>H pourdes composi- 
tions aqueuses comprenant un copolymdre en Emulsion aqueuse de: 

5 A. 15 — 60% en poids, par rapport aux monomSres totaux, d'au moins un monom§re acide 

carboxylique en — Cg a,^thyliniquement insatur§ ayant la formula: 

R' 

fo RCH=C— COOH 

dans laquelle R est H et R' et H un groupe C,— C- alkyle ou — CH.COOX; 
R est— COOX et R' est H ou — CHjCOOX; ou 
R est CHj et R' est H; et 
fs X est H ou un groupe C, — alkyle; 

B. 1 5 d 80% en poids, par rapport aux monomdres totaux, d'acrylate d'ethyle ou de ses melanges 
avec le styr^ne, I'acrylate de 2-hydroxy6thyle, racrylonltrile, le chlorure de vinyle ou de I'acitate de 
vinyle; et 

C. 1 i 30% en poids, par rapport aux monomires totaux, d'au molns un ester tensio-actlfvinylique 
20 non lonique ayant la formule: 

R' OR 

I II I 

r"o-«:HjCho)„(CjH40)„— c— c=CH2 (ii) 

25 dans laquelle R est H ou CH3, chaque R' est un groupe — alkyle, 
R" est un groupe Cg — Cjo alkyle ou Cg — 0,^- alkyl-ph^nyle, 
f n est un nombre moyen de 6 d 100, et m 'est un nombre moyen de 0 d 50 d condition que 
n > m et que L (n+m) solt 6 — 100 

ledit poiymdre dtant stable sous forme d'une dispersion aqueuse col!o7dale, d un pH inf§rleur it environ 
30 B, mais devenant un ^paississant efficace pour les systdmes aqueux en r^glant le pH de 5,5 d 1 0,5 ou 
au-dessus. 

2. Polymdre selon la revendlcation 1, dans lequel le monomire acIde carboxylique (A) est I'aclde 
m^thacrylique, Tacide acrylique ou leurs melanges avec I'acide fumarique ou I'acide Itaconique. 

.3. Polymdre selon la revendicatlon 1, dans lequel Tester tensio-actff vinylique est choisi parmi le 
35 groupe constttud pan 

1 ) les acrylates d'alkylph^noxypoty(^thyldneoxY)ithyte ayant la formule: 

Y OR 

dans laquelle R est H ou CH,; Y' est un groupe Cg — C^g-alkyle, et n est 6 — 100; 

2) les acrylates d'alcoxypoly(ithyldneoxy)^thyle ayant la formule: 

45 0 R 

II : 

R^O-ICjHpin— C— C=CH2 (IV) 

dans laquelle R est H ou CH3, R" est un groupe Cg — C^o alkyle, et n est 6 — 50; et 
so 3) les acrylates d'alcoxypoly(alkyldneoxy)dthyie ayant la formule: 

R' OR 

I II I 

R^O-l-CHiCHOI^fCjH^O^— CjH.O— C— C=CH2 (V) 

55 

dans laquelle R est H ou CH3, chaque R' est un groupe — Cj alkyle; 
R" est un groupe Cg — alkyle, et 
n est 6 — 50] et m est 1—40. 

4. Polymers selon la revendicatlon 1 oonstitu^ essentlellement de: 
so A. 35 d 55% en poids d'acid mdthacrylique, d'acide acryltqu ou de leurs melanges avec Tacide 

fumarique ou I'acide itaconique; 

B. 35 d 50% en potds d'acrylate d'ethyle ou de ses melanges avec I styr§n , Tacrylate de 2- 
hydroxy6thyle, racrylonltrile, le chlorure de vinyle ou Tacitate de vinyle; et 

C. 2 d 20% en poids d'un ester tensio-actif vinylique de fonnule II. 

55 5. P lymSre selon la revendicatlon 1, dans lequel A contient 40 d 45% n p ids d'acid 
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methacrylique et 2 d 10% en poids d'aclde itaconique, et oO le polymdre a une tailie particutaire 
moyenne de 0,05 ^ 0,3 mm, et une viscosit§ Brookfield de 0,050 d Pa^ sous forme d'une solution 
aqueuse d 1% d I'^tat de sel d'ammonium, § un pH de 9 et d 25°C. 

6. Dtspersion coDordale aqueuse liquide utile comme ^paississant polymdre sensible au pH pour 
5 des compositions aqueuses contenant 1 0 d 50% en poids du polymire en Emulsion des revendications 

1 d 5, et ayant un pH de 2,5 d 5. 

7. ProcSd^ pour pr§parer la dispersion colloidale aqueuse tiquide de la revendlcation 6, 
comprenant la copolym§risation en 6mulsion du melange de monomdres, d un pH de 2,5—5 en 
presence d'un initiateur donnant des radicaux llbres, d une temperature comprise entre 60 et 90^C. 

fo 8. Composition aqueuse dpaissie ayant un pH compris entre 6,5 et 11, comprenent une 
composition aqueuse contenant une mati^re soluble ou pouvant §tre dispers^e dans Teau et 0,05 d 5% 
en poids du polymdre en Emulsion des revendications 1 d 5 par rapport au poids total des mati^res 
solides. 

9. ProcidS pour preparer une composition aqueuse 6paissle qui consiste: 
IS (1) d m^langer avec la composition aqueuse une quantity suffisante du polymdre en Emulsion des 
revendications 1 d 5 pour ^paissir la composition aqueuse, et 

(2) d r^gler le pH dudit melange entre 6,5 et 11 , selon ngcessit^, pour y dissoudre le polymSre en 
6musion et ipaissir ainsi la composition aqueuse. 

20 Patentanspruche 

1 . Russiges Emulsionspolymer tur Verwendung afs pH-abhangiges Verdickungsmittel fur wa&rige 
Zusammensetzungen, bestehend aus einem wa&rigen Emulsionscopolymer von: 

A. 15 bis 60%, bezogen auf das Gewicht aller Monomere von mindestens einem C3 — Cg a.j5- 
25 athylenlsch ungesattigten Carboxylsauremonomer mit der Forme! : 

I \W 

I 

RCH=C— COOH (I) 

JO worin 

R H ist und R' H, C^— C4-Aikyl Oder — CHjCOOX ist; 

R — COOX und R' H oder — CHjCOOX ist; oder 

R CH3 ist und R' H ist; und 

X H ist Oder C,— C^-Alkyl; 
ss B. 15 bis 80%, bezogen auf das Gewicht aller Monomere eines Athylacrylats oder Mischungen 
da von mit Styrol, 2-HydrDxyathylacrylat, Acrylnitril, Vinylchlorid oder Vinylacetat; und 

C 1 bis 30%, bezogen auf das Gewicht an alien Monomeren von mindestens einem nicht- 
ionischen Vinylester eines Oberflachenbehandlungsmittels mit der Formel 

40 R' . O R 

I II I 

R"0-fCHjCHO) JCjH^On— C— C^rrCHj (II) 

worin R H ist oder CH^, jedes R' C,— Cj-AIkyI und R" Cg— C^o-Alkyl oder Cg— C,6-Alkylphenyl ist, 
45 n durchschntttlich eine Zahl von 6 bis 100 ist und 

m durchschnittlich eIne Zahl von 0 bis 50, wobei 
n > m ist und £(n + m) ist 6 bis 100; 
wobei das Polymer stabil ist als waSrige kolloldale Dispersion bei einem pH unteriialb von 5,0, aber ein 
wirlcsames Verdickungsmittel fur walirige Systeme wird bei Einstellung des pH auf 5,5 bis 10,5 oder 
50 hdher. 

2. Polymer nach Anspruch 1, dadurch gekennzeichnet dad das Carboxylsauremonomer (A) 
Methacr/lsaure, Acrylsaure oder Mischungen davon mit Fumarsfiure oder Itaconsaure ist 

3. Polymer nach Anspruch 1, dadurch gekennzeichnet, da& der Vinylester des Oberfi§chen- 
behandlungsmittels ausgewihit ist aus der Gruppe bestehend aus: 

55 1 ) Alkyiphenoxypoty(athylenoxy)athyl-acrylate mit der Formel 



0-eC2H^O)^-C-C-CH2 ("I) 
worin R H Oder CH3 ist; Cg— C,e-Alkyl Ist und n 6 bis 100 ist; 
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2) A!koxypoly(athylenoxy)Sthyl-acry!aate mit der Forme! 

0 R 

R"0^^,H,0)„-C— C=CHj {IV) 

worin R H oder CHg ist R" Cg— Cjo-AIkyI ist und n 6 bis 50 ist; und 

3) Alkoxypoly(allcylenoxy)athyl-acrylate mit der Formel 

R' OR 

I il I 

R^O-J-CHjCHO^CCjH^Oo— C^H^O— C— (>=CHj (V) 

worin R H oder CH3 Ist jedes R' — Cj-Allcyi, 

R" Cg— Cjo-Allcyi und n 6 bis 50 und m 1 bis 40 ist, 

4. Polymer nach Anspruch 1, dadurch gelcennzeiciinet daS es im wesentlichen besteht aus: 

A. 35 bis 55 Gew.-% Methacryisiure, AcrylsSure oder Mischungen davon mit Fumarsaure oder 
Itaconsaure; 

B. 35 bis 50 Gew.-% Athylacrylat oder Mischungen davon mit Styrol, 2-HydroxyithylacryIat 
Acr/lnitril, Vinylchlorid oder Vinylacetat; und 

C. 2 bis 20 Gew.-% eines VInylesters eines Oberflachenbehandlungsmittels der Formel II. 

5. Polymer nach Anspruch 1, dadurch gekennzeichnet dalS A 40 bis 45 Gew.-% MethacrylsSure 
und 2 bis 10 Gew.-% Itaconsauure enthalt und da& das Polymer eine durchschnittliche PartikelgroBe 
von 0,05 bis 0,3 mm und eine Brookfield-ViskositSt von 0,050 bis 50 Pa.s als 1%-lge wS&rige Losung 
in Form des Ammoniumsalzes bei pH 9,0 und 25^C hat. 

6. Fiussige wa&rige kolloidale Dispersion zur Verwendung als pH-abhangiges polymerisches, Ver- 
dickungsmittel fur wal&nge Zusammensetzungen enthSlten 10 bis 50 Gew.-% des Emulsionspolymers 
der Anspruche 1 bis 5 und mit einem pH von 2,5 bis 5,0. 

7. Verfahren zur Hetstellung der flussigen wSiSrigen kolloidalen Dispersion nach Anspruch 6, da- 
durch gekennzeichnet da& man die monomere IVIischung bei einem pH von 2,5 bis 5,0 in Anwesenheit 
eines freie Radikale bildenden Initiators bei einer Temperatur zwischen 60 und 90®C emulslonsco- 
polymerisiert 

8. Verdidcte waQrige Zusammensetzung mit einem pH im Bereich von 6,5 bis 1 1 ,0 bestehend aus 
einer wa&rigen Zusammensetzung enthaltend ein wasserldsliches oder dispergierbares Material und 
0,05 bis 5,0 Gew.-% des Emulsionspolymers der Anspruche 1 bis 5, bezogen auf das Gesamtgewicht 
der Feststoffe. 

9. Verfahren zur Herstellung einer verdickten wal^rigen Zusammensetzung, dadurch ge- 
kennzeichnet da& man 

(1) eine genugende Menge des Emulsionspolymers von Anspruch 1 bis 5 mit der wa&rigen 
Losung vermischt um die waSrige Zusammensetzung zu verdicken, und 

(2) den pl-l dieser Mischung einstellt auf einen Bereich von 6,5 bis 1 1 ,0, der notwendig ist, um das 
Emulsionspolymer darin aufzulosen und dadurch die wdf^rige Losung verdickt. 
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